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==========================

The term limb-girdle muscular dystrophy (LGMD) is a broad term encompassing many conditions which present with weakness of the girdle musculature. Initially, patients who did not have known dystrophies such as Duchenne and Becker muscular dystrophies, facioscapulohumeral muscular dystrophies, and myotonic muscular dystrophies were clubbed together under this umbrella diagnosis, and for a while, it was unclear as to what this group represents. Early descriptions of LGMDs go back to the late 18^th^ century, when Erb and Leyden-Mobius described patients having weakness which primarily involved the shoulder and the hip girdles, respectively, sparing the facial muscles. In 1951, Levison\[[@ref1]\] documented for the first time, the autosomal recessive transmission in patients with LGMDs. In 1953, Stevenson\[[@ref2]\] introduced the term "autosomal limb-girdle muscular dystrophy" for his patients with autosomal recessive inheritance. In 1954, Walton and Nattrass\[[@ref3]\] defined LGMD as a distinct nosological entity in their classification system. With the development of diagnostic methods, it soon became evident that LGMD, as originally defined by Walton and Nattrass, comprised a wide variety of neuromuscular disorders, for example, Kugelberg Welander disease, polymyositis, endocrine myopathies, and some congenital and metabolic myopathies, and hence, the utility of the entity was limited and questionable. Gardner-Medwin omitted the term from the classification. In 1981, it found place as a major category of dystrophies in the Walton classification\[[@ref4]\] and was divided into four subtypes: (1) autosomal recessive or sporadic (Erb, Leyden-Mobius), (2) myopathy limited to quadriceps, (3) autosomal recessive muscular dystrophy in childhood, and (4) late-onset autosomal dominant type. Over the ensuing years, with enormous progress in immunocytochemical evaluation of structural sarcolemmal proteins and molecular characterization with newer methods of testing, clear subgroups have evolved and continue to evolve rapidly. Autosomal dominant LGMDs are termed LGMD 1 and recessive LGMD 2; the numbering goes sequentially as per the time of discovery.

In India, Srinivas *et al*.\[[@ref5]\] presented their initial observations on 35 patients with LGMDs. In the following four decades, studies have accumulated which describe clinical phenotypes of LGMDs. In the early 2000s, immunohistochemistry became available to some tertiary care centers in India and was utilized for diagnosis. Initial literature is about sarcoglycanopathies as these were the only stains available for use then. Studies reported the presence of alpha-sarcoglycanopathy followed by beta- and gamma-sarcoglycanopathy diagnosed by immunohistochemistry as isolated case reports and small cohort studies.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] The second LGMD phenotype diagnosed by immunohistochemistry in India happens to be dysferlinopathy,\[[@ref17][@ref18][@ref19]\] followed by calpainopathy. A few other subtypes are also now known to exist in India.

In recent years, genetic analysis of these LGMD phenotypes is becoming increasingly available in the service sector and the research units and studies regarding genetic details of these various types of LGMD are being undertaken in various part of India. Studies describing the genotypes of sarcoglycanopathies, dysferlinopathy, and calpainopathy are now published from India. These efforts are very limited in the context of the population of India, and we have not yet reached the point of understanding the prevalence patterns of these diseases in our large country with diverse population. While hospital-based data regarding prevalence of particular LGMD phenotypes cannot be applied to whole country, it seems that dysferlinopathy, calpainopathy, and other myopathies GNE myopathy are among common LGMDs in India.
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In India, consanguineous marriages are customary, leading to increased prevalence of autosomal recessive LGMDs. The large population of India, from a matrimonial aspect, is divided into many small segments, based on the castes, subcastes, etc. People tend to marry within these small genetic pools and hence combinations within the genetic stock take place. Within a community, there are multiple "gotras" and care is taken to see that the bride and bridegroom do not belong to the same "gotra" to avoid inbreeding. However, this becomes insufficient as the current custom only looks at the paternal "gotra" and not the maternal. Conventionally, Manusmriti, the ancient Indian treatise, advises to ensure that there is no repetition among the four gotras, two paternal and two maternal. Currently, in communities with a small number of gotras, it becomes difficult to follow this ancient wisdom and hence the modern short cuts are being applied. Some communities advocate marriage of first cousins, increasing autosomal recessive diseases. In India, genetic diseases are shunned and hence obtaining family history can be met with difficulties. Furthermore, people have to be made aware that information of the maternal family is required as well; surprisingly, a lot of families consider maternal section as a different family.

Dysferlinopathy, GNE myopathy, calpainopathy, and sarcoglycanopathies are common and have been documented in various investigative studies. GNE myopathy is included in this discussion as the clinical presentation is of limb weakness and is a common disease in the Indian context. We shall now describe the clinical, immunocytochemical, and genetic characterization of these diseases with particular references to our local settings. An algorithm has been presented to help the clinical evaluation \[[Algorithm 1](#F1){ref-type="fig"}\].

![Clinical evaluation of limb-girdle muscular dystrophies](AIAN-20-87-g001){#F1}
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Clinical characteristics {#sec2-1}
------------------------

Dysferlinopathy is an autosomal recessive LGMD resulting from the deficiency of the sarcolemmal protein dysferlin secondary to DYSF gene mutation on chromosome 2p. Two common clinical entities are described under the label of dysferlinopathy: Miyoshi myopathy (distal onset) and LGMD 2B (proximal onset). Initially, Miyoshi and colleagues described the distal form with burnt on the gastrocnemius muscles and labeled it as Miyoshi distal myopathy. The genetic identification of Miyoshi myopathy coincided with the same genetic defect being identified in a set of proximal myopathies termed LGMD 2B. Hence, both these presentations are clubbed together as dysferlinopathy. While the condition was originally discovered in Japan, it is now recognized to be a common LGMD in most parts of the world.

Patients present in the second decade of life, earlier presentations are uncommon. The initial weakness is in the gastrocnemius muscles, which is usually discovered while standing on toes for sporting activities or exercise programs. Gradually, patients are unable to stand on toes and calf muscles are wasted \[[Figure 1a](#F2){ref-type="fig"}\]. Hamstrings and hip flexors become progressively weakened and patients develop difficulties in climbing stairs and rising from the ground. As people in India customarily squat to defecate, proximal muscle weakness comes to early attention. Upper limbs are affected later and biceps may show a "lump." This lump is not unique to this condition but is frequently seen. Similarly, the quadriceps muscle is known to show a diamond-like configuration of hypertrophy and atrophy \[[Figure 1b](#F2){ref-type="fig"}\]. Ambulation is maintained for many years and the progress is gradual. A proportion of patients begins with proximal weakness and then goes on to have distal involvement. Clinically, the proximodistal weakness is of most frequent occurrence. Uncommonly, the brunt of the disease could be on tibialis anterior muscles (DMAT) Distal Myopathy with Anterior Tibial onset and minority of patients goes through a phase of intense calf pains with some swelling and tenderness before they waste and weaken. Other less common clinical patterns are asymptomatic elevation of serum creatine phosphokinase and bent spine syndrome or camptocormia.

![Dysferlinopathy. (a) Wasting of calf muscles. (b) Diamond sign](AIAN-20-87-g002){#F2}

In India, three studies depicting clinical features of dysferlinopathy are available.\[[@ref17][@ref18][@ref19]\] Khadilkar *et al*.\[[@ref17]\] in 2004 investigated 14 patients with dysferlinopathy. In their series, the initial symptoms in nine patients were of distal weakness and wasting while remaining five had proximal weakness. Six patients had asymmetrical onset of disease. Three patients had initial calf pains with transient hypertrophy, followed by atrophy. Gastrocnemius and tibialis were affected almost equally. In proximal weakness, muscles involved were iliopsoas, hip adductors, hamstrings, and quadriceps. Upper limbs were slightly affected. Overall, the phenotype was mild and patients were ambulatory till late in disease. In the study undertaken by Nalini *et al*. in 2008,\[[@ref19]\] out of 28 patients, 12 patients had distal onset (gastrocnemius weakness), 12 patients had proximal onset, 2 had proximodistal onset, and 2 had tibial onset distal weakness. Muscle pain was the prominent symptom (47%). In upper limb, deltoid and biceps were weak and wasted. Ambulation was maintained till late in the disease course.

Pradhan\[[@ref18]\] noted two interesting signs in dysferlinopathy; calf head on trophy sign and diamond on quadriceps. Calf head on trophy sign is seen in Miyoshi myopathy. It is observed from posterior side with patient\'s shoulders abducted and elbows flexed at 90°. It is due to selective atrophy and sparing of certain muscles in periscapular region. Diamond on quadriceps is the result of selective wasting of vastus lateralis and rectus femoris in their upper and lower part with sparing of middle part. Whenever the muscle is in action, demarcation between wasted and preserved part becomes prominent giving rise to diamond on quadriceps sign.

Histopathology {#sec2-2}
--------------

The histological findings in dysferlinopathy are suggestive of a dystrophic process evidenced by de- and re-generation of muscle fibers, increase in connective tissue, and myophagocytosis. One interesting aspect of the histology is the presence of inflammatory cell infiltrates. In some biopsies, these can be very prominent and lead to a confusion with inflammatory myopathy. In fact, from time to time, we come across patients in India who have received corticosteroids following biopsy, with modest or no results and some cases, deterioration of muscle strength. On immunostaining and immunoblotting, dysferlin staining is reduced or is absent in the muscle fibers.

Dysferlin is probably the only muscle protein to be expressed in the peripheral blood monocytes. Western blotting for dysferlin can be utilized in the diagnosis of dysferlinopathy as the concordance between the finding of Western blotting of peripheral monocytes and genetic confirmation is favorable. However, the blotting process can be expensive, offsetting the benefits.

Genetics {#sec2-3}
--------

Dysferlinopathy results from mutations in dysferlin gene on chromosome 2p13.3-p13.1, which contains 55 codon exons.\[[@ref20]\] Missense, nonsense, small deletions, small insertions, and splice mutation have all been described. Most mutations introduce a stop codon or result in premature truncation of dysferlin protein.\[[@ref21]\] While there is no known mutational hot spot in gene, there are seven recorded founder mutations in various populations worldwide. These have been detected in Portuguese (c.1180_1180 + 7delAGTGCGTG, c.5492G\>A),\[[@ref22][@ref23]\] native Canadian (c.2745C\>G),\[[@ref24]\] Caucasian Jewish (c.2779delG),\[[@ref25]\] Italian (c.2875C\>T),\[[@ref26]\] Lebanese Jewish (c.4872delG.fsX9),\[[@ref27]\] and Spanish (c.6086C\>T)\[[@ref28]\] populations.

In India, a center for genetic diagnosis of dysferlinopathy is set up at Mumbai with the efforts and aids from the Jain Foundation, United States of America. The center has been active and receives samples from multiple places in India and recently also from Pakistan and Sri Lanka. These samples are currently processed free of cost. Over a hundred cases have been genetically characterized. No founder mutation has been identified and missense, frameshift, and splice site mutations have been detected. Uncommonly, intronic mutations are also described in this cohort.

C[ALPAINOPATHY]{.smallcaps} {#sec1-4}
===========================

Clinical characteristics {#sec2-4}
------------------------

The first autosomal recessive LGMD to be described is calpainopathy (LGMD 2A) caused by mutations in CAPN 3 gene encoding calpain 3 protein resulting in calpain deficiency. The age of onset is usually in the second decade of life and both sexes are affected. Rarely, early and severe presentations are encountered. Three phenotypes have been identified based on the distribution of muscle weakness.

Leyden-Mobius LGMD phenotype in which muscle weakness is first evident in the pelvic girdle and later in the shoulder girdle with onset before age 12 years or after age 30 yearsErb LGMD phenotype in which muscle weakness is first evident in the shoulder girdle and later in the pelvic girdle. This is milder variant with early age of onsetHyperCKemia in which asymptomatic individuals have only high serum creatine kinase (CK) concentrations. Usually, it occurs in young children.

There is proximal muscle weakness (pelvic and/or shoulder girdle) with atrophy and sparing of facial and neck muscles. Scapular winging, scoliosis, Achilles tendon, and other joint contractures are common. There is no evidence of cardiomyopathy. Scapular winging \[[Figure 2a](#F3){ref-type="fig"}\] is prominent in calpainopathy as compared to other LGMDs and often is evident early in the course of the disease. Similarly, tendon Achilles contractures tend to be early and prominent and patients tend to walk on their toes. Patients in whom the disease begins in the shoulder girdle, a differential diagnosis of facioscapulohumeral muscular dystrophy needs to be considered. Patients with calpainopathy do not have facial weakness. Within the hip girdle musculature, hip adductors are severely affected in calpainopathy. Some patients develop severe weakness of the external oblique muscles and abdominal hernia \[[Figure 2b](#F3){ref-type="fig"}\]. In the author\'s experience, one such patient presented initially to a surgeon and then was directed to the neurology service. He/she required hernia repair. Children presenting with hyperCKemia are often investigated extensively without a definitive diagnosis, till the clinical features start evolving, pointing to the diagnosis.

![Calpainopathy. (a) Scapular winging. (b) Abdominal hernia due to weakness of external oblique muscle](AIAN-20-87-g003){#F3}

While the prevalence of calpainopathy is unclear, it seems to be a common form of LGMD in India. In a histologically oriented study, Pathak *et al*.\[[@ref29]\] documented abnormalities of the calpain protein in almost 40% of their LGMD biopsies. This study did not include genetic information and hence secondary protein changes, particularly with dysferlinopathy, dilute the inferences.

Immunoblotting {#sec2-5}
--------------

This muscle protein cannot be immunostained but has to be western blotted. All the three (94, 60, and 30 Kd) fractions of the protein should be checked as only some may be reduced. Approximately 80% of individuals with mutation of *CAPN3* show absence or a severe reduction of calpain-3 bands on Western blot. While these quantitative measurements are helpful, they lack specificity as secondary reductions of the calpain protein have been reported in other muscular dystrophies such as dysferlinopathy, dystrophinopathy, and Udd muscular dystrophy (titinopathy).

Genetics {#sec2-6}
--------

Leiden muscular dystrophy mutation database documents 490 *CAPN3* mutations, which are mostly of the missense type (about 60%). c.550delA mutation is the most common allele in Caucasian populations.\[[@ref30]\] Founder effect for the c.550delA mutation has been demonstrated in the Eastern Mediterranean region (Russia, Croatia, Bulgaria, and Northern Italy)\[[@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42]\] Other rare mutations which have a founder effect in small populations due to cultural inbreeding associated with historical, demographic, or religious factors have been reported in the population of La Reunion Island in the Indian Ocean (c.946-1G\>A),\[[@ref43]\] in the Old Order Amish community in Northern Indiana in the USA (c.2306G\>A),\[[@ref44][@ref45]\] in the Guipuzcoa region of the Basque Country of Spain and in Brazil (c.2362_2363delAGinsTCATCT),\[[@ref46][@ref47][@ref48]\] Japan (c.1795_1796insA),\[[@ref49][@ref50][@ref51]\] the Chioggia village in the Venetian lagoon (p.R490Q),\[[@ref35]\] the Mocheni population in the Italian Alps (c.1193 + 6T\>A),\[[@ref52]\] and the Agarwal community in Northern India (p.D780H and c.2099-1G\>T).\[[@ref53]\] The last one is relevant to India and hence is discussed further.

Founder mutations in Agarwal {#sec2-7}
----------------------------

Clinical observations that a rather uniform phenotype results in scapular winging and toe walking lead to long-term in-depth studies of this Agarwal cohort of individuals in Mumbai. Investigations detected two ancestral founder mutations in calpain gene, a missense (c.2338G\>C; p.D780H) and a splice-site (c.2099-1G\>T) mutation.\[[@ref53]\] Patients can be either heterozygous for both or homozygous for either of these mutations. These mutations are believed to have arisen due to the practice of intra-communal exogamy in the community of Agarwal. Recently, Khadilkar *et al*. have published the utility of founder mutations in *CAPN3* gene in Agarwal community. This founder allele analysis can be utilized as the initial noninvasive diagnostic step for index cases, carrier detection, and counseling, with almost 90% yield.\[[@ref54]\]

S[ARCOGLYCANOPATHIES]{.smallcaps} {#sec1-5}
=================================

While sarcoglycanopathies were the initially identified group of LGMDs in India, they are uncommon and form a differential diagnosis of Duchene phenotype in both males and females.

Clinical characteristics {#sec2-8}
------------------------

Sarcoglycanopathies tend to present in the first decade of life with a phenotype similar to the common Duchenne muscular dystrophy (DMD). Milder presentations are known but uncommon. As this is an autosomal recessive disease, both males and females present with equal severity, which is exceptional for manifesting carrier females of DMD. Children have easy falls and difficulty in climbing stairs and getting up from ground. Calves are enlarged, sometimes very much so, and weakness pattern remains largely proximal. Children walk with waddle and exhibit lordosis. Cardiac involvement is known but not as common or prominent as in dystrophinopathies.

Available studies\[[@ref11][@ref16][@ref55][@ref56]\] on sarcoglycanopathies from India have been largely based on immunocytochemical characterization and hence need to be put in that context. Only one small study of genetic characterization is available.\[[@ref57]\] Mean age of onset varies in all 4 studies ranging from 6 to 21 years. Initial symptoms started in hip girdle muscles followed by shoulder girdle involvement.

Histopathology {#sec2-9}
--------------

Skin biopsy has been utilized for immunocytochemical studies in few LGMDs. One study described role of skin biopsy in diagnosis of sarcoglycanopathy in two cases.\[[@ref58]\] Studies have also evaluated role of skin biopsy in diagnosing dystrophinopathy\[[@ref59][@ref60]\] and few congenital muscular dystrophies such as merosin-deficient congenital muscular dystrophy,\[[@ref61][@ref62]\] X-linked Emery--Dreifuss muscular dystrophy,\[[@ref63]\] and Ullrich muscular dystrophy.\[[@ref64]\] Larger studies are required for validation of skin biopsy in various LGMDs and other dystrophies. At present, it can be used as adjunct to the muscle biopsy.

Sarcoglycans (SG) are components of the dystrophin-associated glycoproteins on the muscle membrane. Four subunits (alpha, beta, gamma, and delta) can be individually immunostained on the fresh frozen muscle. As they are functionally interlinked, loss of more than one subunit on the immunostaining is common and immunostaining is often proves to be inadequate to know the primary defect. Worldwide alpha-SG deficiency is most common. This is followed by gamma- and beta-SG deficiency. Delta-SG deficiency is least common. However, the prevalence of subtypes varies with the population under evaluation; for example, gamma-SG opathy is most common in Tunisia.\[[@ref65]\] Secondary dystrophin deficiency is well known in SG opathies, a fact that needs to be borne in mind, when evaluating children with the DMD phenotype.

Genetics {#sec2-10}
--------

Mutations in one of the four genes for SG complex in skeletal muscle can cause LGMD 2C-F. LGMD 2C (gamma-sarcoglycanopathy), 2D (alpha-sarcoglycanopathy), 2E (beta-sarcoglycanopathy), and 2F (delta-sarcoglycanopathy) are caused by mutations in SGCG gene (13q12), SGCA gene (17q12-q21.3), SGCB gene (4q12), and SGCD (5q33), respectively. Founder mutations in beta-sarcoglycanopathy are found in Amish population (p.T151R)\[[@ref66][@ref67]\] and Northern Italy (c.377--384dupl).\[[@ref68]\] In gamma-sarcoglycanopathy, founder mutations found in North Africans (c.525delT),\[[@ref69]\] Roma Gypsies (p.C283Y),\[[@ref70]\] and Northern Italy (c.87insT),\[[@ref69]\] In delta-sarcoglycanopathy, founder mutation has been found in Brazilian population (c.656delC).\[[@ref71]\] Most common mutation in alpha-sarcoglycanopathy is p.R77C\[[@ref72]\] with founder effect in Finland\[[@ref73]\] and Magdalen.\[[@ref74]\] Other founder mutations are p.R34 L in Taiwan\[[@ref75]\] and p.R192X in Egypt.\[[@ref76]\]

In India, genetically confirmed patients are few and one small series and some case reports are available. Khadilkar *et al*.\[[@ref57]\] analyzed genetic aspects of sarcoglycanopathies. In this study, a total of 18 patients showed mutation in SG genes. Among them, gamma-SG gene mutation (44.4%) was most common followed by delta (27.77%), alpha (22.22%), and beta (5.55%). Among gamma-SG mutation, 525del T was encountered in this study, again a curious fact as this abnormality is seen in the Maghrebian population.\[[@ref77]\] Haplotype analysis however has not been undertaken in these patients.

O[THER]{.smallcaps} L[IMB-GIRDLE]{.smallcaps} M[USCULAR]{.smallcaps} D[YSTROPHIES IN]{.smallcaps} I[NDIA]{.smallcaps} {#sec1-6}
=====================================================================================================================

Other LGMDs have been infrequently reported from India,\[[@ref78]\] and these are discussed below in brief. LGMD 2G known as telethoninopathy is caused by mutation in TCAP gene on chromosome 17q11-12. Age of onset is in the second decade and presented with pelvic girdle weakness with foot drop. LGMD 2H is caused by mutation in TRIM32 (cytosolic enzyme) on chromosome 9q33.1., characterized by proximal weakness, atrophy, and moderately raised levels of CK. D487N mutation of TRIM32 causes the more severe sarcotubular myopathy. LGMD 2I and 2K are caused by mutation in proteins FKRP and POMT1, respectively, which is required for glycosylation of transmembrane protein named dystroglycan. Among this, LGMD 2I is fairly common\[[@ref79]\] and cardiac and respiratory functions get involved frequently. LGMD 2I clinically resembles severe Duchenne-like or milder late-onset Becker-like phenotypes. In large series by Nalini *et al*.,\[[@ref78]\] 8 patients of LGMD 2G, 16 patients of LGMD 2I, 10 patients of LGMD 2K, 2 patients of LGMD 2H and 2J each have been detected, based on immunohistochemistry and Western blotting. LGMD 2 L is caused by mutations in the anoctamin-5 (ANO5) gene at 11p14.3. Clinically, it is characterized by asymmetric quadriceps, hamstring, biceps, brachioradialis, or calf weakness and atrophy. Muscle pain is frequent symptom. Anecdotal occurrence of anoctaminopathy in India is known (Khadilkar *et al*., unpublished data). LGMD 2J is caused by mutation in the titin gene on chromosome 2q31.2. Clinically, patients present in 10--40 years of age group with proximal limb-girdle weakness and tibialis anterior weakness. Nalini *et al*.\[[@ref78]\] identified two such patients who had lower-limb proximal muscle weakness with foot drop, severe wasting of tibialis anterior.

GNE (U[DP]{.smallcaps}-N-A[CETYLGLUCOSAMINE]{.smallcaps} 2-E[PIMERASE]{.smallcaps}/N-A[CETYLMANNOSAMINE]{.smallcaps} K[INASE]{.smallcaps}) M[YOPATHY]{.smallcaps} {#sec1-7}
=================================================================================================================================================================

While GNE myopathy is classified under distal myopathies, it is included in the review as it is frequent, and as the disease progresses, it affects the hip and shoulder girdle musculatures. This disorder has been named variously as hereditary inclusion body myopathy, distal myopathy with rimmed vacuoles, Nonaka myopathy, and quadriceps sparing myopathy. It is an autosomal recessive or sporadic distal myopathy due to mutation in gene encoding bifunctional enzyme UDP-N-acetylglucosamine 2-epimerase and N-acetylmannosamine kinase. Uncommon autosomal dominant transmissions are known. GNE myopathy has been encountered in most parts of India. Initial studies have been from NIMHANS, Bengaluru, which documented the existence of GNE myopathy in India and gave the early clinical and histological characteristics of the condition.\[[@ref80]\] A case series\[[@ref81]\] from the north of India has recently been available. Data from Mumbai also document GNE myopathy, with genetic peculiarities in the people with Rajasthan ancestry.\[[@ref82]\]

Clinical characteristics {#sec2-11}
------------------------

GNE myopathy is adult-onset distal myopathy. Patients present in the second or third decade, characteristically with a foot drop. Wasting of tibialis anterior becomes evident \[[Figure 3a](#F4){ref-type="fig"}\]. This makes them vulnerable to falls and they cannot run well. This is then followed by weakness of the posterior thigh muscles, iliopsoas, and biceps muscles. Distal upper limb muscles are also affected, and first dorsal interosseous muscle may be wasted \[[Figure 3b](#F4){ref-type="fig"}\]. Quadriceps muscle remains strong in most patients till late in the illness. In fact, the sparing of the quadriceps is so striking in the face of extreme weakness of some other groups of muscles that the disease also bore the name of quadriceps sparing myopathy. The initial distal weakness and wasting of the lower and sometimes upper limb muscles lead the clinician to believe that the nature of the illness could be neurogenic and initial misdiagnosis as inherited neuropathy or spinal muscular atrophy is not uncommon. Moreover, the serum CK is only modestly elevated in this disease, adding to difficulties.

![GNE myopathy. (a) Wasting of tibialis anterior muscle resulting in prominence of shin of tibia. (b) Wasting of first dorsal interosseous muscle](AIAN-20-87-g004){#F4}

In studies available from India, mean age of onset is 27--28 years. An initial symptom was foot drop in large number of patients.\[[@ref80]\] Symptoms of proximal weakness are also encountered in India, first as patients come to attention late into their illness and second due to the custom of squatting and sitting on the floor. Thus, proximal as well as distal weakness is often seen at the time of examination.

Histopathology {#sec2-12}
--------------

An important practical point is the site of muscle biopsy. Conventionally, quadriceps has been chosen for biopsy, which is almost unaffected in this condition. Biopsies from biceps or the upper third of tibialis anterior muscles are suitable to show changes. Rimmed vacuoles are consistently but not invariably seen in histology GNE myopathy patients. Other nonspecific findings of myopathy such as atrophy of muscle fibers and fiber size variation are present in most patients.

Genetics {#sec2-13}
--------

GNE myopathy results from mutation in GNE gene on chromosome 9. Patients with Middle Eastern origin are found to harbor a GNE gene founder mutation p.M743T.\[[@ref83]\] Two other founder mutations have been recognized in Japanese population p.D207V\[[@ref84][@ref85]\] and p.V603 L.\[[@ref85]\] Recently, European Roma Gypsies has been detected to have founder mutation p.I618T.\[[@ref86]\] p.A662V and p.V727M are a frequently found mutation in Southeast Asia.\[[@ref87][@ref88][@ref89]\] A potential founder mutation p.A409T was described in a cohort of GNE myopathy patients from the British Islands.\[[@ref90]\]

Limited information on the genetic constellation of GNE myopathy patients is available from India. c.2179G\>A (p.V727M) is a common mutation 75%\[[@ref89]\] and 32.7%\[[@ref82]\] found in India. Khadilkar *et al*. have recently documented an interesting occurrence of homozygous mutation c.1853T\>C (p.I618T) (24.5%) in Rajasthani Jain and Maheshwari communities: a founder mutation encountered exclusively in European Roma Gypsies.\[[@ref82]\] This observation further strengthens the view that European Roma Gypsies originated from Northwestern India.

A[UTOSOMAL]{.smallcaps} D[OMINANT]{.smallcaps} L[IMB-GIRDLE]{.smallcaps} M[USCULAR]{.smallcaps} D[YSTROPHIES]{.smallcaps} 1 {#sec1-8}
===========================================================================================================================

Autosomal dominant LGMDs are less common than autosomal recessive forms. Anecdotal case reports are available from India. Jadhav *et al*. from South India reported one Indian family of EDMD2 with familial dilated cardiomyopathy and cardiac dysrhythmias, in whom LMNA gene sequencing was performed.\[[@ref91]\] Recently, Jain *et al*. from All India Institute of Medical Sciences, Delhi, reported a case of myofibrillar myopathy presenting as neonatal intestinal pseudo-obstruction.\[[@ref92]\]

C[ONCLUDING]{.smallcaps} R[EMARKS]{.smallcaps} {#sec1-9}
==============================================

LGMDs are commonly seen in India and information on the subtypes is slowly accumulating. Regional variations in the prevalence are expected and founder mutations may be detected in populations of India due to the common practice of intracommunal exogamy. At present, dysferlinopathy, calpainopathy, and GNE myopathy seem to be much commoner than others in small hospital-based studies. This information may be of use in selecting the investigative panels for these diseases. With widespread use of genetic tests, genetic counseling, antenatal diagnosis, and preventive measures are expected to be in the forefront in the coming years.
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